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FIG. 6
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FIG. 7
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APPARATUS AND METHOD FOR
NAVIGATION IN DIGITAL OBJECT USING
GAZE INFORMATION OF USER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Korean
Patent Application No. 10-2009-0069701, filed on Jul. 29,
2009, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

1. Field

Exemplary embodiments relate to a digital object naviga-
tion apparatus and method, and more particularly, to a digital
object navigation apparatus and method that performs zoom-
in/zoom-out based on gaze information of the user, performs
quality rendering, and outputs an annotation.

2. Description of the Related Art

Recently, a frequency of utilizing a digital object, suchas a
picture, a motion image, a music and the like, increases along
with development of digital devices. In general, a user may
process the digital object by using a user interface, such as a
keyboard, a mouse, and the like. However, it may be difficult
to process the digital object in the case of a wall display to
which the user is not able to input a command via the key-
board, the mouse, and the like. Also, in a case of a network-
based digital TV, such as an Internet Protocol TV (IPTV), the
user may have difficulty in utilizing an electronic program
guide (EPG) and a widget for news, weather information,
traffic information, financial information, and the like, from
several hundreds of channels through a remote controller.

To overcome these difficulties, a method of tracing a
motion of the user and reflecting the traced motion to adjust a
real time output quality of the digital object has drawn a large
amount of attention. However, a technology that effectively
performs the method has not yet been developed.

SUMMARY

According to exemplary embodiments, there may be pro-
vided an apparatus for navigating in a digital object, including
an information collecting unit to collect gaze information and
gesture information of a user with respect to the digital object
that includes a plurality of blocks, an information determin-
ing unit to determine navigation information with respect to
the digital object by using the collected gaze information and
the gesture information using at least one processor, and an
object navigation unit to navigate in the digital object by using
the navigation information with respect to the digital object.

Also, the information determining unit includes a zoom
rate calculator to calculate a zoom rate with respect to the
digital object by using the gaze information and the gesture
information.

Also, the information determining unit includes a render-
ing quality calculator to calculate a rendering quality with
respect to the digital object by using the gaze information and
the gesture information.

Also, the information determining unit includes an anno-
tation intensity calculator to calculate an intensity of an anno-
tation with respect to the digital object by using the gaze
information and the gesture information.

Also, the information determining unit includes a motion
parallax calculator to calculate three-dimensional (3D) loca-
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tion information and rotation information of the digital object
by using the gaze information and the gesture information.

According to exemplary embodiments, there may be pro-
vided a method of navigating in a digital object, including
collecting gaze information and gesture information of a user
with respect to a digital object that includes a plurality of
blocks, determining navigation information with respect to
the digital object by using the collected gaze information and
gesture information, and navigating in the digital object by
using the digital object, wherein the method may be per-
formed using at least one processor.

According to another aspect of exemplary embodiments,
there is provided at least one computer readable recording
medium storing computer readable instructions to implement
methods of the disclosure.

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of exemplary embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings of which:

FIG. 1 is a diagram illustrating an operation of a digital
object navigation apparatus according to exemplary embodi-
ments;

FIG. 2 is a block diagram illustrating a detailed configura-
tion of a digital object navigation apparatus according to
exemplary embodiments;

FIG. 3 is a flowchart illustrating an exemplary of perform-
ing a zoom-in/zoom-out with respect to a digital object based
on gaze information according to exemplary embodiments;

FIG. 4 is a flowchart illustrating an example of performing
a zoom-in/zoom-out with respect to a digital object based on
gaze information and gesture information according to exem-
plary embodiments;

FIG. 5 is a diagram illustrating an example of navigating in
a digital object by performing zoom-in/zoom-out with
respect to the digital object according to exemplary embodi-
ments;

FIG. 6 is a flowchart illustrating an example of navigating
in a digital object by applying a different rendering quality for
each block, based on gaze information according to exem-
plary embodiments;

FIG. 7 is a diagram illustrating an example of determining
arendering quality to be different for each block with respect
to a digital object according to exemplary embodiments;

FIG. 8 is a flowchart illustrating an example of navigating
in a digital object by calculating an intensity of an annotation
with respect to the digital object based on gaze information
according to exemplary embodiments;

FIG. 9 is a diagram illustrating an example of calculating
anintensity of an annotation based on a gaze location ofa user
according to exemplary embodiments;

FIG. 10 is a diagram illustrating an example of displaying
an annotation based on a gaze location of a user according to
exemplary embodiments;

FIG. 11 is a diagram illustrating an example of navigating
in channels based on a gaze location of a user according to
exemplary embodiments;

FIG. 12 is a diagram illustrating an example of determining
a user interface (UI) to be different based on a location of a
user according to exemplary embodiments;
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FIG. 13 is a diagram illustrating an example of outputting
an Ul based on a location of a user according to exemplary
embodiments; and

FIG. 14 is a flowchart illustrating an example of changing
an output location and an output angle of a digital object
based on location information and gaze information of a user
according to exemplary embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. Exemplary embodi-
ments are described below to explain the present disclosure
by referring to the figures.

A digital object navigation method according to exemplary
embodiments will be performed by a digital object navigation
apparatus.

FIG. 1 is a diagram illustrating an operation of a digital
object navigation apparatus according to exemplary embodi-
ments.

The digital object navigation apparatus 101 according to an
exemplary embodiment may trace gesture information 104,
such as ahand motion, and gaze information 103 ofauser 100
using various digital objects, such as a picture, a motion
image, a music, and the like, thereby improving a quality of an
output of a digital object around a gaze of the user. The user
100 may experience improved immersion and serviceability
with respect to the digital object, and a load from processing
the digital object may decrease. The digital object navigation
apparatus 101 may exist inside or outside a display 102.

The digital object navigation apparatus 101 according to an
exemplary embodiment may perform the following opera-
tions.

(1) Visual Attentive Zoomable User Interaction (ZUI)

When the user 100 plays the digital object, the digital
object navigation apparatus 101 performs a zoom-in with
respect to the digital object centering on a location the user
100 gazes at, and performs a zoom-out with respect to the
digital object when the user 100 looks away.

(2) Visual Attentive Rendering

When the user 100 plays the digital object, the digital
object navigation apparatus 101 performs rendering at the
location the user 100 gazes at in a resolution having a high
quality, and performs the rendering having a normal quality
when the user 100 looks away. Also, when the user 100 plays
a visualized music, a volume and a decoding quality of the
digital object may increase at a location the user 100 gazes at,
and the volume and the decoding quality of the digital object
may decrease at the location, when the user 100 looks away.

(3) Visual Attentive Annotation

When the user 100 plays the digital object, the digital
object navigation apparatus 100 may output annotation stored
adjacent to the location the user 100 gazes at. As an example,
the digital object navigation apparatus 100 may output the
annotation stored adjacent to the location the user 100 gazes
at, in a form of an image, an audio, and text.

(4) Motion Parallax User Interface (UI)

A view that is similar to when the user sees a real 3D object
may be outputted by adjusting a location and a direction of a
user interface object. Also, a view optimized for the user 100
may be provided by adjusting a projection of the Ul to be
outputted in a relatively small size and to be outputted in a
relatively large size based on a location of the user 100. Also,
when the user 100 sees a large-sized screen from a diagonal
direction and a widget and the like is outputted on the large-
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sized screen on the other side of the user 100, the user 100
may have difficulty in having a broad view with respect to the
widget, and thus, an output size of the Ul may be based on the
location of the user 100.

FIG. 2 is a block diagram illustrating a detailed configura-
tion of a digital object navigation apparatus according to
exemplary embodiments.

Referring to FIG. 2, a digital object navigation apparatus
101 may include an information collecting unit 201, an infor-
mation determining unit 202, and an object navigation unit
203.

The information collecting unit 201 may collect gaze infor-
mation 209 and gesture information 210 of the user with
respect to a digital object 208. The gaze information may
include a gaze location of the user on a two-dimensional (2D)
screen, an eye-blink, location information of the user, and the
like. In this instance, the digital object 208 may be divided
into a plurality of blocks. When a gaze of the user is rapidly
changed, errors in the gaze information 209 collected by the
information collecting unit 201 may increase. Accordingly,
the digital object navigation apparatus 101 may divide the
digital object 208 into a plurality of blocks and may perform
filtering of the gaze that minutely trembles, based on a block
unit. Also, a block identification (ID) of a block may be
allocated to each of the plurality of blocks.

The information determining unit 202 may determine navi-
gation information with respect to the digital object 208 by
using the collected gaze information 209 and the gesture
information 210. As an example, the information determining
unit 202 may include a zoom rate calculator 204, a rendering
quality calculator 205, an annotation intensity calculator 206,
and a motion parallax calculator 207.

The zoom rate calculator 204 may calculate a zoom rate
with respect to the digital object 208 by using the gaze infor-
mation 209 and the gesture information 210. In particular, the
zoom rate calculator 204 may calculate a zoom rate with
respect to a zoom-in or a zoom-out of the digital object 208
based on a block ID of a block included in the gaze informa-
tion 209 and a continuous gaze time the user gazes at the
block.

In this instance, when the block ID ofthe block that the user
gazes at is the same during the continuous gaze time, the
zoom rate calculator 204 may calculate the zoom rate with
respect to the zoom-in of the digital object 208 by using the
continuous gaze time. Also, when the block ID of the block
that the user gazes at is changed during the continuous gaze
time, the zoom rate calculator 204 may calculate the zoom
rate with respect to the zoom-out of the digital object 208 by
using the continuous gaze time.

As an example, the zoom rate calculator 204 may calculate
the zoom rate with respect to the zoom-in of the digital object
208, when the continuous gaze time is greater than a prede-
termine threshold time.

The rendering quality calculator 205 may calculate a ren-
dering quality with respect to the digital object 208 by using
the gaze information 209 and the gesture information 210 of
the user. As an example, the rendering quality calculator 205
may calculate the rendering quality of the digital object 208
based on the block ID of the block included in the gaze
information and the continuous gaze time the user 100 gazes
at the block. The rendering quality may be determined to be
decreased centering on the location the user gazes at.

When the block ID of the block that the user gazes at is the
same during the continuous gaze time, the rendering quality
calculator 205 may calculate the rendering quality with
respect to the digital object 208 by using the continuous gaze
time. Conversely, the rendering quality calculator 205 may
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update the digital object 208 when the block ID of the block
that the user gazes at is changed during the continuous gaze
time.

Particularly, when the block ID of the block that the user
gazes at is the same, the rendering quality calculator 205 may
increase the rendering quality of the block that the user gazes
at during the continuous gaze time, and may decrease the
rendering quality with respect to blocks around the block that
the user gazes at. In this instance, the quality calculator 205
may sequentially decrease rendering qualities of blocks
around the block that the user gazes at.

The annotation information intensity calculator 206 may
calculate an intensity of an annotation with respect to the
digital object 208 by using the gaze information 209 and the
gesture information 210. In this instance, the annotation may
be in a form of a text, an audio, an image, and the like stored
in a predetermined point of the digital object 208. As an
example, the annotation intensity calculator 206 may calcu-
late the intensity of the annotation with respect to the digital
object 208 by using at least one of (a) a distance between the
annotation and a gaze location that the user gazes at, (b) the
gaze location the user gazes at on a depth map 211 and a
distance of the gaze location, and (c) a distance of the gaze
location on a hit map 212 that represents an interest of the
user.

When at least one annotation is stored in the digital object
208, an annotation having a highest intensity may be output-
ted among annotations existing around the gaze location the
user gazes at.

The motion parallax calculator 207 may calculate 3D loca-
tion information and rotation information of the digital object
by using the gaze information 209 and gesture information
210 of the user.

The object navigation unit 203 may navigate in the digital
object 208 based on navigation information with respect to
the digital object 208. As an example, when the digital object
208, such as an image, a motion image, and the like, is played
on a display 213, the object navigation unit 203 may navigate
in the played digital object based on the gaze information 208
of the user.

As an example, the object navigation unit 203 may perform
a zoom-in/zoom-out with respect to the digital object 208
based on a zoom rate. Also, the object navigation unit 203
may change a rendering quality centering on the gaze location
the user gazes at with respect to the digital object 208. Also,
the object navigation unit 203 may navigate in the annotation
centering on the gaze location the user gazes at, based on an
intensity of the annotation. Also, the object navigation unit
203 may perform navigating in the digital object by changing
an output location and an output angle of the digital object
based on the location information and the gaze information
210 of the user.

FIG. 3 is a flowchart illustrating an example of performing
a zoom-in/zoom-out with respect to a digital object based on
gaze information according to exemplary embodiments.

The digital object navigation apparatus may collect gaze
information in operation 301. Also, the digital object naviga-
tion apparatus may determine whether a user blinks his eye
based on the gaze information in operation 302. In this
instance, the eye-blink may be a standard for determining
whether to hold or to release the navigation of the digital
object.

When the user blinks, the digital object navigation appa-
ratus may determine whether the navigation of the digital
object prior to the eye-blink is “Enable” in operation 303.
When the navigation of the digital object is not “Enable”, the
digital object navigation apparatus may determine whether a
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block ID is the same as a block ID of when the navigation of
the digital object is “Disable” in operation 307.

When the block ID is the same, the digital object navigation
apparatus may change the navigation of the digital object to
be “Enable” in operation 308. Conversely, when the block ID
is different, the digital object navigation apparatus may
update a screen with respect to the digital object in operation
314. In this instance, the “Enable” indicates that the naviga-
tion of the digital object is performed, and the “Disable”
indicates that the navigation of the digital object is on hold.

In operation 303, when the navigation of the digital object
is “Enable”, the digital object navigation apparatus may
change the navigation of the digital object to be “Disable” in
operation 305. Also, the digital object navigation apparatus
may store a block ID of a block of when the navigation of the
digital object is “Disable” in operation 306. In this instance,
the block ID of the block relates to a block the user gazes at.
Subsequently, the digital object navigation apparatus may
update the screen with respect to the digital object in opera-
tion 314.

In operation 302, when the user does not blink his eye, the
digital object navigation apparatus may determine whether
the navigation of the digital object is “Enable” in operation
304. In this instance, when the navigation of the digital object
is not “Enable”, the digital object navigation apparatus may
update the screen with respect to the digital object in opera-
tion 314. When the navigation of the digital object is
“Enable”, the digital object navigation apparatus may deter-
mine a current block the user currently gazes at is the same as
aprevious block where the user previously gazes at in opera-
tion 309.

In this instance, when a block ID of the current block and a
block ID of the previous block are the same, the digital object
navigation apparatus may determine a continuous gaze time
(T) the user gazes at the current block is greater than a pre-
determined threshold time (Th) in operation 310. In operation
310, when the continuous gaze time (1) is less than or equal
to the predetermined threshold time (Th), the digital object
navigation apparatus may update the screen with respect to
the digital object in operation 314.

Conversely, when the continuous gaze time (T) is greater
than the predetermined threshold time (Th), the digital object
navigation apparatus may calculate a zoom rate with respect
to a zoom-in at the current block in operation 311. In opera-
tion 309, when the block ID of the current block and the block
ID of the previous block are different from each other, the
digital object navigation apparatus may calculate a zoom rate
with respect to a zoom-out from the previous block to the
current block in operation 312. In this instance, the zoom rate
may be determined by using a zoom adjustment coefficient
(K) and the continuous gaze time (T).

Then, the digital object navigation apparatus may navigate
in the digital object based on the calculated zoom rate in
operation 313, and may update the screen in operation 314.
When the user continuously gazes at the current block, the
digital object navigation apparatus may perform zoom-in,
according to the zoom rate, centering on the current block
during the continuous gaze time. Also, when the gaze of the
user moves from the previous block to the current block, the
digital object navigation apparatus may perform a zoom-out,
according to the zoom rate, centering on the current block
during the continuous gaze time.

After the screen is updated, the digital object navigation
apparatus may return to operation 301 to collect gaze infor-
mation again.



US 9,261,958 B2

7

FIG. 4 is a flowchart illustrating an example of performing
a zoom-in/zoom-out with respect to a digital object based on
gaze information and gesture information according to exem-
plary embodiments.

In this instance, the illustration of FIG. 3 describes an
operation of determining whether to perform navigation of
the digital object based on gaze information of the user, and
an operation of performing zoom-in/zoom-out based on the
gaze information of the user. Also, the illustration of FIG. 4
describes an operation of determining whether to perform the
navigation of the digital object based on gesture information,
and an operation of performing zoom-in/zoom-out based on
the gaze information of the user.

The digital object navigation apparatus may collect the
gaze information and the gesture information in operation
401. In this instance, the gesture information may include a
hand motion of the user. The digital object navigation appa-
ratus may determine whether the user grasps his hand based
on the gesture information in operation 403. When the user
grasps his hand, the digital object navigation apparatus may
change the navigation of the digital object to be “Disable” in
operation 404.

When the user does not grasp the hand, the digital object
navigation apparatus may determine whether the user spreads
his hand out in operation 406. When the user spread his hand
out, whether a block ID of ablock the user gazes at is the same
as a block ID of a block of when the navigation of the digital
object is “Disable” may be determined in operation 407.
When the block ID is the same, the digital object navigation
apparatus may change the navigation of the digital object to
be “Enable” in operation 408. The remaining operations 402,
405, and 409 through 414 may be understood based on the
illustration of FIG. 3.

Accordingly, the digital object navigation apparatus may
determine whether to perform or to hold the navigation of the
digital object based on the eye-blink or the hand motion about
whether the user grasps his hand or spreads his hand out.

According to an exemplary embodiment, the gesture of the
hand may not be limited to grasping or spreading the hand,
and may be changed to be various motions. Also, according to
an exemplary embodiment, the gesture is not limited in the
hand and may include gestures of other parts of'a body of the
user.

FIG. 5 is a diagram illustrating an example of navigating in
a digital object by performing zoom-in/zoom-out with
respect to the digital object according to exemplary embodi-
ments.

FIG. 5 illustrates that the navigating in the digital object is
“Enable” by an eye-blink or a hand motion. When the navi-
gation of the digital object is “Disable”, the operation illus-
trated in FIG. 5 may be performed only after the navigation of
the digital object becomes “Enable” by the eye-blink or the
hand motion of the user.

Zoom In

A frame 501 and a frame 502 provide the same digital
object. It is assumed that the user gazes at a block 503 of a
frame 501 that is divided into a plurality of blocks, at a time
T1. Also, it is assumed that the gaze of the user is located in a
block 504 that is located at the same location as the block 503
of the frame 501 at a time T2 after a predetermined time
passes. The block 503 and the block 504 indicate the same
block ID.

When a continuous gaze time of the user is greater than a
predetermined threshold time, the digital object navigation
apparatus may calculate a zoom rate by using a zoom adjust-
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ment coefficient and the continuous gaze time. Then, the
digital object navigation apparatus may perform a zoom-in
centering on the block 504 of a frame 502 based on the zoom
rate. Therefore, an image or a motion image displayed on the
frame 502 may be magnified centering on the block 504.

Zoom Out

A frame 505 and a frame 506 provide the same digital
object. It is assumed that the user gazes at a block 507 of the
frame 505 that is divided into a plurality of blocks, at a time
T1. Also, it is assumed that the gaze of the user is located in a
block 508 of the frame 506 at a time T2 after a predetermined
time passes.

Then, the digital object navigation apparatus may calculate
a zoom rate by using a continuous gaze time and a zoom
adjustment coefficient. In this instance, the continuous gaze
time may indicate a time when the gaze moves from the block
507 to the block 508. Thereafter, the digital object navigation
apparatus may perform a zoom-out from the block 507 of the
frame 505 to the block 508 of the frame 506 based on the
zoom rate. Then, zooming out of an image or a motion image
displayed during a progress from the frame 505 to the frame
506 may be performed.

FIG. 6 is a flowchart illustrating an example of navigating
in a digital object by applying a different rendering quality for
each block, based on gaze information according to exem-
plary embodiments.

A digital object navigation apparatus may collect gaze
information of a user in operation 601. Also, the digital object
navigation apparatus may determine whether the navigation
of the digital object is “Enable” in operation 602. When the
navigation of the digital object is “Disable”, the digital object
navigation apparatus may update a screen in operation 608.

When the navigation of the digital object is “Enable”, the
digital object navigation apparatus may determine whether a
block ID of a block the user gazes at is the same as a block ID
of'aprevious block in operation 603. When the ID of the block
is not the same, the digital object navigation apparatus may
update the previous block the user gazes at in operation 606.
That is, a resolution of the previous block and the like may be
restored to its original state.

Also, when the block ID of the block is the same, the digital
object navigation apparatus may calculate a rendering quality
of'a current block the user gazes at in operation 604. Also, the
digital object navigation apparatus may calculate a rendering
quality of blocks around the current block in operation 605. In
this instance, a rendering quality of the current block may be
greater than the rendering quality of the blocks around the
current block. As an example, the rendering quality may be
determined based on a continuous gaze time and a rendering
adjustment coefficient.

When the rendering quality is calculated, the digital object
navigation apparatus may navigate in the digital object in
operation 607. Subsequently, the digital object navigation
apparatus may update the screen with respect to the digital
object.

FIG. 7 is a diagram illustrating an example of determining
arendering quality to be different for each block with respect
to a digital object according to exemplary embodiments.

FIG. 7 illustrates a single frame among a plurality of
frames constituting the digital object. In this instance, the
single frame may be divided into a plurality of blocks. When
a user gazes at a block among the plurality of blocks, the
digital object navigation apparatus may increase a rendering
quality of the block. That is, a quality of the block, such as a
resolution, a sound quality, a volume, and the like, may be
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increased. Also, rendering qualities of blocks around the
block the user gazes at may progressively decrease.

A block including “3” of the FIG. 7 indicates a block the
user currently gazes at. In this instance, “3” indicates a ren-
dering quality. Therefore, the digital object navigation appa-
ratus may progressively decrease the rendering quality of
blocks around the block user gazes at. That is, the quality is
improved centered on the block the user gazes at, and the user
may experience feeling immersed in the digital object cen-
tered on the block the user gazes at.

FIG. 8 is a flowchart illustrating an example of navigating
in a digital object by calculating an intensity of annotation
with respect to the digital object based on gaze information
according to exemplary embodiments.

The digital object navigation apparatus may collect gaze
information of a user in operation 801. Subsequently, the
digital object navigation apparatus may determine whether
the navigation of the digital object is “Enable” in operation
802. When the navigation of the digital object is “Disable”,
the digital object navigation apparatus may update a screen in
operation 811.

Conversely, when the navigation of the digital object is
“Enable”, the digital object navigation apparatus may calcu-
late a distance (X, Y p;5;) between a gaze location of the
user and an annotation in operation 803. Also, the digital
object navigation apparatus may calculate a distance (D,,,)
of the gaze location of the user on a depth map in operation
804. In this instance, the depth map may be a map represent-
ing a distance between the user and components included in
the digital object. Also, the digital object navigation apparatus
may calculate a distance (I,,,,,) of the gaze location of the user
onahitmap in operation 805. In this instance, the hit map may
be a map representing a region the user is interested in.

Subsequently, the digital object navigation apparatus may
calculate an intensity of the annotation by using the calcu-
lated distance in operation 806. In this instance, the intensity
of'the annotation may be a standard for determining an anno-
tationto be displayed with respect to the digital object, among
at least one of annotation stored in the digital object.

The digital object navigation apparatus may set a text anno-
tation based on the intensity of the annotation in operation
807, may set a video annotation in operation 808, or may set
anaudio annotation in operation 809. As an example, ina case
of'a text, the digital object navigation apparatus may adjust a
size, a font, or a color of the text. Also, in a case of a video, the
digital object navigation apparatus may adjust a size, a reso-
lution, and a volume of the video. Also, in a case of an audio,
the digital object navigation apparatus may adjust an audio
volume and a frequency rate.

The digital object navigation apparatus may display the
annotation by navigating in the digital object in operation
810. Subsequently, the digital object navigation apparatus
may update the screen in operation 811.

FIG. 9 is a diagram illustrating an example of calculating
an intensity of annotation based on a gaze location of a user
according to exemplary embodiments.

The digital object navigation apparatus may calculate a
distance (XDist, YDist) between the gaze location of the user
and the annotation on a digital object 901. Also, the digital
object navigation apparatus may calculate a distance (DDist)
of'the gaze location of the user on a depth map with respect to
the digital object 901. In this instance, the depth map may
indicate a map representing a distance between the user and
components included in the digital object.

As an example, the digital object navigation apparatus may
calculate the distance (XDist, YDist) between the gaze loca-
tion of the user and the annotation based on Equation 1. Also,
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the digital object navigation apparatus may calculate the dis-
tance (DDist) between the gaze location of the user on the
depth map with respect to the digital object 901 based on
Equation 2.

Xpi=lAnnotX—=CurX|, YDist=| AnnotY-Cur¥ [Equation 1]

In this instance, Annot X and Annot Y indicate X and Y
components of the annotation, respectively. Also, CurX and
CurY indicate X andY components of the gaze location of the
user, respectively.

Dy~ Depth Map(x,y)-CurZ| [Equation 2]

In this instance, Depth Map(x,y) indicates components of
the annotation on the depth map, and CurZ indicates the gaze
location of the user on the depth map. In this instance, the
CurZ may be a value that a zoom rate is applied to.

Also, the digital object navigation apparatus may calculate
a distance (IDist) of the gaze location of the user on a hit map
902. In this instance, the hit map may indicate a map repre-
senting a region the user is interested in. As an example, the
digital object navigation apparatus may calculate the distance
(IDist) of the gaze location of the user on the hit map 902
based on Equation 3.

Ipie~IHitMap(x,y)| [Equation 3]

As an example, the intensity (D) of the annotation may be
determined based on Equation 4.

[Equation 4]
D= \/Xlz)ixr + le)ixr + D%)ixt + Ilz)ixr q

FIG. 10 is a diagram illustrating an example of displaying
annotation based on a gaze location of a user according to
exemplary embodiments.

Referring to FIG. 10, it is assumed that annotations are
stored in A, B, C, D, and E of the digital object. In this
instance, when the gaze location of the user exists on a pre-
determined point of the digital object, the digital object navi-
gation apparatus may calculate the intensity of the annotation
centering on the gaze location of the user. The intensity of the
annotation may be determined based on Equations 1, 2, 3, and
4 of FIG. 9. That is, the intensity of the annotation relates to
a distance between a location of a annotation stored in
advance and a distance of the gaze location of the user.

An intensity of an annotation stored in D which is closest to
the gaze location of the user may be determined to be a
highest intensity. Then, the annotation stored in D may be
displayed in a form of a text, a video, or an audio. As an
example, when the digital object is a map, the digital object
navigation apparatus may display detailed information about
D which is a restaurant closest to the gaze location of the user,
in a form of atext, an audio, and a video. Accordingly, the user
may obtain the annotation stored in advance by merely gazing
at a predetermined point of the digital object.

FIG. 11 is a diagram illustrating an example of navigating
in a channels based on a gaze location of a user according to
exemplary embodiments

Referring to FIG. 11, an operation of changing channels
that are three-dimensional (3D) digital objects based on gaze
of user. That is, according to exemplary embodiments, 3D
location information and rotation information of the digital
object may be calculated by using the gaze information and
gesture information of the user. Then, the 3D location infor-
mation and rotation information of the digital object are deter-
mined centering on the gaze location the user gazes at, and
thereby navigating in the digital object.
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Referring to FIG. 11, the user may navigate in a plurality of
channels by only gazing from a current location without a
separate operating device, such as a remote controller and the
like. In FIG. 11, when the user gazes at a left side of a screen,
the plurality of channels may be displayed on a location the
user gazes at. Also, when the user moves his gaze from the left
side to a right side of the screen, the channels displayed on the
screen move according to the gaze of the user.

FIG. 12 is a diagram illustrating an example of determining
a Ul to be different based on a location of a user according to
exemplary embodiments.

Referring to FIG. 12, a digital object displayed on a screen
is adjusted and is outputted to be large in a direction of the
user and to be small in an opposite direction of the user.
Particularly, in a case of a large-sized screen, a digital object
far away from the user may be displayed to be larger than
when the digital object is close to the user since it is hard to
recognize the digital object that is small and far from the user.

Accordingly, the digital object navigation apparatus may
adjust a projection of the Ul to change a location and a
rotation attribute of the digital object, and may output the
digital object to be large in a direction of the user and to be
small in an opposite direction of the user, thereby providing a
view optimized for the user. That is, referring to FIG. 12, a
perspective view may be provided depending on a location of
the user.

FIG. 13 is a diagram illustrating an example of outputting
a Ul based on a location of a user according to exemplary
embodiments

Referring to FIG. 13, the digital object may be outputted
based on the location of the user. That is, when the user is
located in a left side of a screen, the outputted digital object
moves to the left side, and when the user is located in a right
side of the screen, the outputted digital object moves to the
right side.

Particularly, in a case of large-sized screen, when the user
sees the screen from a diagonal direction, the user may have
difficulty in recognizing the digital object, and thus, the digi-
tal object navigation apparatus according to an exemplary
embodiment may move and output the digital object accord-
ing to location information of the user. Also, when a distance
between the user and the screen increases, the digital object
displayed on the screen may be magnified in proportion to the
increased distance and may be displayed. These methods may
be included in a Ul referred to as “bubble stuck™.

FIG. 14 is a flowchart illustrating an example of changing
an output location and an output angle of a digital object
based on location information and gaze information of a user
according to exemplary embodiments.

A digital object navigation apparatus may collect location
information of the user in operation 1401. In this instance, the
digital object navigation apparatus may determine whether
the digital object is in a mode (first mode) where the digital
object follows the user as illustrated in FIG. 13 in operation
1402. When the digital object is in the first mode, the digital
object navigation apparatus may change a location of the
digital object according to the location of the user in operation
1403.

Conversely, when the digital object is not in the first mode,
the digital object navigation apparatus may determine
whether the digital object is in a second mode where the
digital object is outputted in a direction of the user in opera-
tion 1404. When the digital object is in the second mode, the
digital object navigation apparatus may change the location
and a rotation attribute of the digital object to be outputted to
be large in the direction of the user and to be small in an
opposite direction of the user in operation 1405.
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When the digital object is not in the second mode, the
digital object navigation apparatus may determined whether
the digital object is in a third mode where the digital object is
outputted according to a gaze of the user in operation 1406.
When the digital object is in the third mode, the digital object
navigation apparatus may change the location and rotation
attribute of the digital object that is displayed on the screen
according to a point of view based on the gaze of the user in
operation 1407. Otherwise, when the digital object is not in
the third mode, the screen where the digital object is dis-
played may be updated in operation 1408.

After being processed through operations 1403, 1405, and
1407, the screen where the digital object is displayed may be
updated in operation 1408.

The method of navigating in the digital object according to
the above-described exemplary embodiments may be
recorded in a computer readable medium or computer-read-
able media including program instructions to implement vari-
ous operations embodied by a computer. The medium or
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD ROM disks and DVDs; magneto-
optical media such as optical disks; and hardware devices that
are specially configured to store and perform program
instructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an interpreter. The computer-readable media may also be a
distributed network, so that the program instructions are
stored and executed in a distributed fashion. The program
instructions may be executed by one or more processors or
processing devices. The computer-readable media may also
be embodied in at least one application specific integrated
circuit (ASIC) or Field Programmable Gate Array (FPGA).
The described hardware devices may be configured to act as
one or more software modules in order to perform the opera-
tions ofthe above-described exemplary embodiments, or vice
versa.

According to an exemplary embodiment, a zoom rate with
respect to a zoom-in/zoom-out is determined based on gaze
information and gesture information of the user to navigate in
a digital object, and thus, Zoomable User Interaction (ZUI),
which is natural, may be provided without additional separate
device.

According to an exemplary embodiment, a rendering qual-
ity is improved centering on a current block based on gaze
information of a user, thereby increasing an output quality of
the digital object around the gaze of the user, and improving
immersion and serviceability with respect to the digital
object.

According to an exemplary embodiment, annotation stored
in advance is provided to a digital object by using gaze infor-
mation, thereby obtaining information about components
represented by the digital object without an additional sepa-
rate device.

According to an exemplary embodiment, a location of an
object, such as a channel and a widget, is adjusted and out-
putted according to gaze information of a user, or a view
optimized to the user is provided by outputting an object close
to the user to be small and an object far from the user to be
large. Also, according to an exemplary embodiment, a Ul
outputs an object by following a location of a user since the
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user has difficulty in obtaining a broad view when the user
views a large-sized screen from a diagonal direction.

Although a few exemplary embodiments have been shown
and described, it would be appreciated by those skilled in the
art that changes may be made in these exemplary embodi-
ments without departing from the principles and spirit of the
present disclosure, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An apparatus configured to navigate in a digital object,
comprising:

an information collecting unit configured to collect gaze

information and gesture information of a user with
respect to the digital object that includes blocks;

an information determining unit configured to determine

navigation information with respect to the digital object
by using the collected gaze information and the gesture
information using at least one processor; and

an object navigation unit configured to navigate in the

digital object by using the navigation information with
respect to the digital object, wherein the information
determining unit comprises an annotation intensity cal-
culator configured to calculate an intensity of an anno-
tation or the information determining unit comprises a
motion parallax calculator configured to calculate three-
dimensional (3D) location information and rotation
information of the digital object.

2. The apparatus of claim 1, wherein:

the information determining unit comprises a zoom rate

calculator to calculate a zoom rate with respect to the
digital object by using the gaze information and the
gesture information; and

the object navigation unit navigates in the digital object

centering on a block the user gazes at, based on the zoom
rate.

3. The apparatus of claim 2, wherein the zoom rate calcu-
lator calculates a zoom rate with respect to a zoom-in or a
zoom-out of the digital object based on a block identification
(ID) of a block included in the gaze information and a con-
tinuous gaze time the user gazes at the block.

4. The apparatus of claim 3, wherein the zoom rate calcu-
lating unit performs one of:

calculating of the zoom-in of the digital object by using the

continuous gaze time, when the block identification (ID)
of the block the user gazes at is the same during the
continuous gaze time; and

calculating of the zoom-out of the digital object by using

the continuous gaze time, when the block identification
(ID) of the block the user gazes at is changed during the
continuous gaze time.

5. The apparatus of claim 3, wherein the zoom rate calcu-
lating unit calculates the zoom rate with respect to the zoom-
in of the digital object when the continuous gaze time is
greater than a predetermined threshold time.

6. The apparatus of claim 1, wherein the object navigation
unit determines whether to navigate in the digital object based
on at least one of an eye-blink included in the gaze informa-
tion and a hand motion included in gesture information of the
user.

7. The apparatus of claim 1, wherein:

the information determining unit comprises a rendering

quality calculator to calculate a rendering quality with
respect to the digital object by using the gaze informa-
tion and the gesture information; and

the object navigation unit navigates in the digital object

centering on a block the user gazes at, based on the
rendering quality.
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8. The apparatus of claim 7, wherein the rendering quality
calculator calculates the rendering quality of the digital object
based on a block identification (ID) of a block included in the
gaze information and the continuous gaze time the user gazes
at the block.

9. The apparatus of claim 8, wherein the rendering quality
calculator performs one of:

calculating of the rendering quality of the digital object by

using the continuous gaze time, when the block identi-
fication (ID) of the block the user gazes at is the same
during the continuous gaze time; and

updating the digital object, when the block identification

(ID) of the block the user gazes at is changed during the
continuous gaze time.

10. The apparatus of claim 9, wherein, when the ID of the
block the user gazes at is the same during the continuous gaze
time, the rendering quality calculator increases the rendering
quality of the block during the continuous gaze time and
decreases the rendering quality around the block the user
gazes at.

11. The apparatus of claim 9, wherein the rendering quality
calculator sequentially decreases a rendering quality of a
block adjacent to the block the user gazes at.

12. The apparatus of claim 1, wherein:

the annotation intensity calculator calculates an intensity

of the annotation with respect to the digital object by
using the gaze information and the gesture information;
and

the object navigation unit outputs the annotation stored

around a gaze location the user gazes at, based on the
intensity of the annotation.

13. The apparatus of claim 12, wherein the annotation
intensity calculator calculates the intensity of the annotation
with respect to the digital object by using at least one of a
distance between the annotation and the gaze location the user
gazes at, a distance of the gaze location on a depth map, and
a distance of the gaze location on a hit map that represents an
interest of the user.

14. The apparatus of claim 1, wherein:

the motion parallax calculator calculates three-dimen-

sional (3D) location information and rotation informa-
tion of the digital object by using the gaze information
and the gesture information; and

the object navigation unit navigates in the digital object

based on the 3D location information and the rotation
information centering on the gaze location the user
gazes at.
15. The apparatus of claim 14, wherein the object naviga-
tion unit navigates in the digital object by changing an output
location and an output angle of the digital object according to
the location information and the gaze information of the user.
16. A method of navigating in a digital object, comprising:
collecting gaze information and gesture information of a
user with respect to a digital object that includes blocks;

determining navigation information with respect to the
digital object by using the collected gaze information
and gesture information; and

navigating in the digital object by using the digital object,

wherein the method is performed using at least one proces-

sor, wherein the determining navigation information
comprises calculating an intensity of an annotation with
respect to the digital object or the determining naviga-
tion information comprises calculating a three dimen-
sional (3D) location information and rotation informa-
tion of the digital object.
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17. The method of claim 16, wherein:

the determining navigation information comprises calcu-
lating a zoom rate with respect to the digital object by
using the gaze information and gesture information; and

the navigating in the digital object comprises navigating in
the digital object based on the zoom rate centering on a
block the user gazes at.

18. The method of claim 17, wherein the calculating the
zoom rate comprises calculating the zoom rate with respect to
azoom-in or a zoom-out of the digital object based on a block
identification (ID) of a block included in the gaze information
and a continuous gaze time the user gazes at the block.

19. The method of claim 16, wherein:

the determining navigation information comprises calcu-

lating a rendering quality with respect to the digital
object by using the gaze information and the gesture
information; and

the navigating in the digital object comprises centering on

ablock the user gazes at, based on the rendering quality.

20. The method of claim 19, wherein the calculating of the
rendering quality comprises calculating the rendering quality
of'the digital object based on a block identification (ID) of the
block included in the gaze information and the continuous
gaze time the user gazes at the block.

21. The method of claim 16, wherein:

the determining navigation information comprises calcu-

lating the intensity of the annotation with respect to the
digital object by using the gaze information and gesture
information; and

the navigating in the digital object comprises outputting

the annotation stored around the gaze location that the
user gazes at, based on the intensity of the annotation.

22. The method of claim 21, wherein the calculating of the
intensity comprises calculating the intensity of the annotation
with respect to the digital object by using at least one of a
distance between the annotation and the gaze location the user
gazes at, a distance of the gaze location on a depth map, and
a distance of the gaze location on a hit map that represents an
interest of the user.
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23. The method of claim 16, wherein:

the determining navigation information comprises calcu-
lating the three dimensional (3D) location information
and rotation information of the digital object by using
the gaze information and the gesture information; and

the navigating in the digital object comprises centering on
the gaze location the user gazes at, based on the 3D
location information and the rotation information.

24. The method of claim 23, wherein the navigating in the
digital object comprises changing an output location and an
output angle of the digital object according to the location
information and the gaze information of the user.

25. A method of calculating a zoom rate or an information
quality of a digital object comprising:

collecting gaze information and gesture information of a

user;

enabling or disabling a navigation of the digital object

based on the gesture information;

when the navigation of the digital object is enabled,

determining a current block based on the gaze informa-
tion;

comparing the current block with a previous block;

when the current block is the same as the previous block,
determining, based on a continuous gaze time, at least
one of a zoom rate with respect to a zoom-in on the
current block and an information quality of the cur-
rent block;

when the current block is not the same as the previous
block, determining at least one of a zoom rate with
respect to a zoom-out from the previous block to the
current block, the information quality of the current
block, and an information quality of the previous
block.

26. The method of claim 25, wherein the information qual-
ity of the current block comprises at least one of a rendering
quality of the current block and an annotation intensity of the
current block, and the information quality of the previous
block comprises at least one of a rendering quality of the
previous block and an annotation intensity of the previous
block.



